Abstract. We report high resolution field dependent specific heat measurements of single-crystal YBa 2 Cu 4 O 8 close to the vortex melting temperature T m . Measurements were performed in fields up to 14 T (applied parallel to either the b or c axes). For both field directions close to T m a broadened step is seen which is consistent with a second order phase transition. The vortex phase diagram of Y-124 has been investigated by several techniques and resistivity measurements have shown evidence for a first order melting transition [2, 3, 4] . However, the most unambiguous evidence for a first order phase transition is usually found by measuring the specific heat C. The very small size of the Y-124 crystals makes such studies difficult. Indeed, the latent heat at the vortex-lattice melting has only clearly been seen in Y-123 to date [5, 6] .
In YBa 2 Cu 3 O 7 (Y-123) and Bi 2 Sr 2 CaCu 2 O 8+δ (Bi-2212) it is well established that in the absence of disorder the vortex lattice melts by a first order phase transition [1] . These two compounds span a wide range of anisotropies ranging from γ ≃ 7.5 (Y-123) to γ ≃ 250 (Bi-2212). YBa 2 Cu 4 O 8 (Y-124) presents an interesting intermediate case (γ ∼ 12 − 15) and further it is close to being stoichiometric with very few oxygen vacancies, and is underdoped.
The vortex phase diagram of Y-124 has been investigated by several techniques and resistivity measurements have shown evidence for a first order melting transition [2, 3, 4] . However, the most unambiguous evidence for a first order phase transition is usually found by measuring the specific heat C. The very small size of the Y-124 crystals makes such studies difficult. Indeed, the latent heat at the vortex-lattice melting has only clearly been seen in Y-123 to date [5, 6] .
Here we report a study of the specific heat of Y-124 close to the vortex melting temperature T m . Measurements of a 42 µg single crystal of Y-124 were carried out at temperatures between 60 K and 90 K in fixed magnetic fields (set at T > T c ) between 0 T and 14 T for H||b and between 0 T and 2 T for H||c. The sample was placed on a flattened 12µm, chromel-constantan thermocouple and heated either with a modulated light source or a small resistive heater. Although this technique is very sensitive (∼ 1 part in 10 5 ) the absolute values cannot be determined accurately and so our data are scaled at T > T c and H = 0 on to published data for polycrystalline Y-124 [7] . Measurements were performed on another sample with very similar results.
The raw specific heat data are shown in the inset of Fig. 1 . We have attempted to isolate superconducting anomaly by subtracting a third order polynomial fitted to the 0 T data in the temperature intervals 55 K< T <65 K and 82.5 K< T <90 K (i.e., well away from T c ). The data with this background subtracted are shown in Fig. 1 . The superconducting anomaly is somewhat asymmetric, with the peak in C broadening and shifting to lower temperature with increasing field. This behavior is closer to that found for Y-123 than that found for Bi-2212 [8] .
To be able to observe the signature of vortex-lattice melting we subtract the zero field data from that in finite field, ∆C(H, T )/T = [C(H, T ) −C(0, T )]/T . Well below T c we find that ∆C is linear in T with a gradient which increases monotonically with H. To clarify the behavior near T m this linear term has been subtracted off the ∆C(H, T )/T data and the result is shown in Fig. 2 . Approaching T c from below it can be seen that ∆C first increases slightly (by ∼ 0.02 % of the total) then decreases rapidly. The behavior closely resembles that found for slightly disordered Y-123 samples, where the initial rise was attributed to the melting transition [11] . We find then T [K] that the anomaly in C at T m is a broadened step rather than a (broadened) peak. This suggests that for both H||b and H||c the transition is of second order.
In Fig. 3(a) we show the position of the melting transition temperature (taken as the midpoint of the step) as a function of H for both field directions. H m (T ) obeys the empirical relation H m = H 0 (1 − T /T c ) n . For H||c, µ 0 H 0 = 28 ± 5 T and n = 1.32 ± 0.08 with T c = 78.0 ± 0.1 K. The superconducting transition temperature T c was determined by fitting the 0 T data, with the background subtracted, to the critical fluctuation 3D-XY model. The H b data was fitted to the same function with the same value of n and µ 0 H 0 = 252 ± 50 T. The exponent found is close to that found in previous studies [3, 4] .
The anisotropy of the melting line is shown in Fig. 3(c) ; the average value of γ cb = H ||b m /H ||c m is 9.0±0.3. The same value of γ was found by analyzing the field dependence of the main superconducting anomaly in C for the two field directions. Resistivity measurements [3] found that γ cb ∼ 15, with an in-plane anisotropy γ ab between 1.05 and 1.2. These latter measurements compare favorably with values found from torque magnetometery [9, 10] . The value found here is smaller than these other reported values, which is surprising given that our field alignment is estimated to be with ±2 • of the c-axis. Further angle dependant measurements are needed to verify this.
The step height ∆C m for H||c increases approximately linearly with increasing field; ∆C m = 6(3) − 1.8(4)(T − T c ) µJ/(K 2 gat) [see Fig. 3(b) ]. This is ∼ 6 times smaller than that observed in slightly disordered Y-123 [11] . The absence of a first order melting transition in these samples is surprising given the sharp anomalies seen in resistivity data in similar crystals [3] . We recall however that Y-124 is underdoped and first-order peaks in C were only seen in the highest quality Y-123 samples with high oxygen doping [6] .
In summary, we have measured the specific heat of single crystal Y-124 and observed the anomaly due to the vortex-solid melting transition. To our knowledge this is the first time the specific heat of this transition has been observed in a compound other than Re-123. The transition observed was of second-order, suggesting that the vortex-solid is a glass. This work was supported by EPSRC (UK) and NEDO (Japan).
